Operation (Mr. McKissock) 3.12.36.-Left parieto-occipital osteoplastic flap to expose part of the parietal and occipital lobes and the junction between them. On opening the dura the convolutions presented a definite appearance of atrophy although not to a very advanced degree. The sulci were widened and there was excess of cerebrospinal fluid beneath the arachnoid. The cortex felt harder than normal. The superior loculus of the posterior horn was tapped with a needle and found to lie at a depth of 3 5 cm. from the surface. A circle of cortex about 2 cm. in diameter was removed for a depth of about 1-5 cm. for pathological study.
Operation (Mr. McKissock) 3.12.36.-Left parieto-occipital osteoplastic flap to expose part of the parietal and occipital lobes and the junction between them. On opening the dura the convolutions presented a definite appearance of atrophy although not to a very advanced degree. The sulci were widened and there was excess of cerebrospinal fluid beneath the arachnoid. The cortex felt harder than normal. The superior loculus of the posterior horn was tapped with a needle and found to lie at a depth of 3 5 cm. from the surface. A circle of cortex about 2 cm. in diameter was removed for a depth of about 1-5 cm. for pathological study.
The real interest of this case depends on the investigations which have been made by Mr. Grey Walter with the electro-encephalogram. His conclusions were largely confirmed at operation. The other interesting point was the composite picture from the encephalograph made by Mr. McKissock, showing the ventricular defects and the state of the cortex.
The reason for operation was the possibility that there might be adhesions between the cortex and the meninges.
Discussion.-Mr. GREY WALTER said the method was only six months old, and, so far, it had been used for diagnosi3 in only a few cases. The present case was sent to him before the field defect was detected. The method was analogous to that of electro-cardiography, namely, amplification and registration of electrical potentials from the brain, as led off from the skull. This examination showed highly abnormal electrical waves (delta waves) proceeding from the left occipito-parietal region, and it was possible to delimit the focus of those waves by electrode arrangements similar to those described by Adrian in Brain. It was near the focus for the alpha waves, which were the normal accompaniment of a resting cortex. This cortex, however, was not only resting, but, electrically, was behaving pathologically. He was therefore able to suggest that the part of the cortex not functioning should lead to some field defects, and that was found to be so, as the notes reported.
Mr. W. MCKIsSOCK: The tracing shown above is one obtained from the combination of two projections, namely, semi-axial sagittal with the patient first in the prone position and then in the supine position. These projections were made using the Schonander apparatus for cranial radiological work and the plates can be traced on to one sheet simply by arranging that in each case the upper borders of the petrous bones are superimposed.
In this case the right lateral ventricle is normal in size and shape, whilst. the left shows several abnormalities. The whole ventricle is slightly larger than the right although it is symmetrically placed and the posterior horn is dilated in a multi-locular fashion. Three loculi can be seen in the views mentioned above and, using various other projections, the extensions of these loculi can be made out both laterally and posteriorly. The whole ventricular system is situated quite symmetrically within the skull in spite of the unilateral dilatation. Dr. S. NEVIN thought that this case was analogous to that group of cases in which, following an acute illness with convulsions and loss of consciousness, children develop residual hemiplegia and epilepsy. Such cases show pathologically unilateral cortical atrophy and usually also cyst formation in the central area of the hemisphere. Here the cyst formation was in the occipital area causing hemianopia. He did not know whether the condition was a specific entity or whether it arose from various pathological causes. [January 21, 1937] The Electro-encephalogram in cases of Cerebral JUST over a year ago Professor Adrian (1935) addressed this Section on ' The electrical activity of the cortex." After describing some of the characters of this activity in normal animals and human beings, he forecast that the study of electroencephalography might be of some use to the clinician. It is now eight years since- Berger (1929) first put forward the claim to have led off from the human skull potentials of cerebral origin. Making allowances for the scepticism so necessary in the frontier between physics and psychology, this period may seem a surprisingly long one to separate a discovery from its application. Although he has described electro-encephalograms from various abnormal subjects, Berger has not claimed that his observations have added much to the clinical picture in these cases.
The purpose of this work is to suggest that perhaps Professor Adrian's prophecy is beginning to be fulfilled; that electro-encephalography may be entering a stage of usefulness.
In the last few years many experimenters have been attracted by the subject, and a certain amount of information has been accumulated. Before considering the clinical material which, for the most part, is still on an empirical basis, it would be FIG. 1. well, without attempting a complete review, to summarize the facts relating to the technique and the still somewhat flimsy physiological s3affolding which is beginning to take shape under the hands of many workers.
The first point is a simple one of terminology. The name " Berger rhythm " which is often heard, is displeasing to Berger himself, and at any rate can only be applied to the one phenomenon with which he occupied himself at first. The style electro-encephalogram" was coined by Berger and is now used generally to describe a record of changes of electrical potential associated with the brain. Just as the electro-cardiogram is often referred to as the E.C.G. (or E.K.G. in Germany), so the electro-encephalogram can be abbreviated to E.E.G. The technique for obtaining the E.E.G. is basically similar to that used in electro-cardiography. Electrodes are held on the scalp of the patient by an arrangement of rubber and whalebone bars tied under the chin ( fig. 1) . A most suitable cap is one made for 231 580 setting waves in bair. It is not necessary to shave the scalp,-though the examina tion is easier if the hair is short and recently washed. If the bair is very dry it should be dampened to avoid the familiar static charges which tend to accumulate. The places where the electrodes are to go should be cleaned with alcohol to remove the insulating film of sebum which, however, should be left between the electrodes by reason of this same insulating property.
Every worker has his favourite type of electrode. Those used in the present work were made of a silver tube held in the apex of triangular bakelite blocks provided with a rubber foot along the base. The silver is covered with a film of chloride by electrolysis in order to make it less polarizable, and the end is covered with a pad of cotton-wool moistened with a 5% solution of salt ( fig. 2 ). This pattern of electrode has been found convenient and durable and, of course, it causes no discomfort to the patient. Its chief advantage is that it may be kept moist by running saline down the tube, and that, though easily moved when desired, it fits the curvature of the skull. The chloride film can easily be renewed when necessary. The cortical potentials, as led off from the skull, have a size of from about five millionths of a volt (5 pV) up to nearly one thousandth of a volt (1 MV). In order to effect an accurate recording system, these potentials must be amplified. This is done by thermionic valves. IFor the work described here, three completely separate amplifiers were required. All three are identical and give an amplification of up to fifty millionfold at any frequency from one to twenty thousand cycles per second. Both amplification and frequency response can be varied at will. The inputs to the amplifiers are push-pull stages, as described by Matthews (1934) . This circuit has two,chief advantages: interference by extraneous electrical gear such as motors and X-ray apparatus, can be greatly reduced or elimilnated, and the three amplifiers are not interconnected through an earth line. The amplified potentials from the outputs of the amplifiers are led to cathode-ray oscillographs. In the apparatus used in this work, the three oscillographs are housed in a single unit and a mirror unit reflects the faces of the screens into the camera, while the backs of the screens may be viewed continuously (figs. 3 and 4). A great deal of information 
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A further word of explanation may be necessary as to the method whereby the localization of the potential changes is accomplished. Localization of any but the most regular potential changes is impossible with a single amplifier, since a deflection on the screen signifies merely a change of potential of one electrode with regard to the other, and consequently, if the sign of the change is unknown, there is no way of telling which of the two electrodes is nearer to the place where the change is taking place ( fig. 5 ). If, however, two other amplifying systems are connected up to the electrodes as shown in fig. 6 , the focus of the potential change can be located according as to how the deflection is represented in the three systems. This arrangement, first used by Adrian and Matthews (1934) , has been found to give much more trustworthy results than the "unipolar" leads recommended by Tonnies 1934) . The area within which a focus of activity can be localized is equal approximately to the distance between th-e electrodes; the closer the electrode pattern, therefore, the more precisely can the origin of the electrical disturbance be determined. For routine first examinations, the usual arrangement has been to take four records, as in fig. 7 . Owing to the spreading of the brain potentials by the meninges, skull, and scalp as described by Tonnies (1933), these patterns will detect even potentials whose origin is not directly under any of the electrodes. The accuracy of location is to within about four centimetres. If anything abnormal is discovered the pattern can be closed up over the suspected area and further records taken. In some of the cases which have been examined the focus has been so large that the first pattern was sufficient to circumscribe the abnormal area. The reason for this will be discussed later.
To turn now from the technique to its results in normal subjects. The phenomenon which Berger first described and to which he gave the name of " alpha waves" is the most obvious component of the electro-encephalogram ( fig. 8 ). It consists of more or less regular waves of electric potential change ocqurring at the rate of about 10 per second (10 El). The highest frequency seen in adults is in the neighbourhood of thirteen per second, the lowest about eight. It is still lower in infants and in old people, reaching its highest value between the ages of 15 and 50.
Making allowance for this correlation with age, the frequency is remarkably constant for each individual. The focus of the alpha rhythm, as T6nnies (1934), Kornmuller (1935) , and Adrian and Matthews (1934) showed, is always in or near the occipito-parietal "area 19" of Vogt in normal subjects. In most subjects it
is found only when the eyes are closed and the mind is comparatively unoccupied, but there is great individual variation, which accounts for Berger's unwillingness to accept the relation between the alpha rhythm and vision. It may be well to mention here that Berger's original experiments were done with one recording system only and a fronto-occipital lead, in which circumnstances be could make no pronouncement as to the focus of the waves. Although in most people the rhythm is abolished by opening the eyes, there are a few cases (about 1% of those examined) in which it persists with the eyes wide open in a good light with the attention wandering from one object to another. These cases seem to belong to the somewhat 
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.11., indefinite but familiar type of good physique and somewhat phlegmatic temperament. No case has been examined in which the alpha rhythm persisted when the subject was reading or studying any visual pattern. The rhythm is usually stopped temporarily by a physical shock and by intense concentration on a problem. This was described by Berger, and is one of the favourite subjects for demonstration, since it is the only definite correlation of the alpha rhythm with states of mind. There are cases in which the alpha rhythm is barely perceptible or is completely absent at all times. The author is one of these cases and, introspectively, the condition is associated with a certain mental restlessness, an inability to clear the mind of trifling worries and random thoughts. There is evidence, however, that this state can be changed by training in relaxation. Fig. 8 illustrates another character of the alpha waves-the wandering of the focus. At point 1 on the record the focus is under the parieto-occipital electrode, at point 2 under the occipital one, at point 3 it is betwoen the two. The extent of wandering varies in different subjects and sometimes, as Adrian (1935) Although there is still considerable controversy about the intimate nature of the alpha rhythm, most students of the problem agree that it is.indicative of physiological rest in that region of the parieto-occipital cortex which is associated in, some way with visual inategration. As regards the source of the rhythm in the corttex, Adrian and, Matthews (1934) suggested that it is due to large numbers of nourones falling into step electrically, marking tim-e as it were, when not actively engaged in performing their various intricate functions. This hypothesis 'is attractively simple, but is not completely satisfactory : it does not explain, for example, why the parieto-occipital regions of the two hemispheres usually tend to beat in phase ( fig. 9 ) as if they were closely linked electrically or influenced by some common governor or escapement. This is still a rich field for speculation and experiment: we must be content to accept, for the present, the empirical fact of the existence of the alpha rhythm and its relations to vision and thought as outlined above. It should not be long before a truly inductive explanation of the whole phenomenon can be given. At any rate, this problem is not yet of great clinical significance.
Berger also described another type of rhythm, the " beta waves ". These appeared to be associated with the frontal lobes and no one has claimed that they are connected with vision. Their characteristic frequency is from 18 to 25 per-second and they are usually smaller than the alpha waves. They seem most marked in cases which are depressed or irritable. In an extensive series of examinations undertaken recently by Professor Golla, Dr. Graham, and the author, for another purpose, it was noticed that beta waves were a prominent feature of the E.E.G. in patients with raised eyebrows and wrinkled foreheads. In some cases the rhythm stopped when the eyes were shut and the frontal and temporal muscles were relaxed. It was found also that a subject who normally showed no beta waves could produce them at will by raising the eyebrows or, to a less extent, by frowning. It seems highly probable that this feature of the E.E.G. is due to very small synchronous-action potentials from the frontal and temporal muscles, and the correlation with depression is due only indirectly to the state of mind of the patients through the facial expression assumed. There is no doubt at least that muscular contraction in this region can produce potentials similar to beta waves, and if there are indeed waves of this frequency of cortical origin with a frontal focus it is a very unfortunate coincidence, and the two phenomena will be hard to disentangle. When leads are placed on the exposed cortex under a local anaesthetic, both regular and irregular oscillations of potential are seen (Foerster and Altenburger (1935); Walter (1936) ). The form and size of these potentials are different in different parts of the cortex, but the local differences have not been studied in detail except in animals (Kornmuller (1937) ). In man they are much smaller than the alpha waves, which accounts for the fact that they are not well seen in records taken 40 586 with skull leads, in which, however, small, comparatively irregular, fluctuations can be detected, particularly with a tuned amplifier. These small deflections are probably due to the cortex, but their size is only a little greater than that of the random potentials of physical origin which set a limit to the amount of amplification which can profitably be used.
A most important question must now be answered. Is it justifiable to assume that the potentials produced by the cortex are not grossly distorted by being led off through the skull and other tissues which surround the brain ? There is no doubt that these tissues have the effect of spreading out the brain potentials in space and considerably attenuating them, but they do not seem to affect their frequency or form (cf. Walter, 1936) . The E.E.G. from the scalp would appear to be a miniature of the direct E.E.G. being about 1/50 of the size it would be if led off directly from the brain. In this respect again it somewhat resembles the electrocardiogram.
Such briefly is the technical and physiological background against which must be set the features of the abnormal and pathological E.E.G. The first step is to FIG. 9. consider how a significant alteration can be produced in the normal E.E.G. The alpha rhythm is strikingly resistant to change. Although it may be slightly slowed by general fatigue, and disappears in deep sleep (Adrian and Yamagiwa (1935) , Loomis et al. (1935) ), there are few agencies which affect it without producing other more marked.electro-encephalographic changes. Adrian and Matthews have shown that it may be accelerated by exposing the eyes to a bright flickering light. The rhythm may follow the flicker rate up to around 18 per second. At flicker frequencies above this the rhythm may beat at half the flicker rate or may revert to its own frequency. This is another instance of the complex relation between the alpha rhythm and vision and is not seen in all subjects. The effect of drugs upon the E.E.G. has not yet been at all fully investigated, and indeed, is a problem in itself. The anesthetics were described by Be-rer (1933) as having a profound influence on the alpha rhythm, but with his single lead he could not realize just how great the difference was between the -normal E.E.G. and that from a person under an anesthetic. Thanks to Dr. L. H. Morris there have been several opportunities to examine the effects of ether. The results were reported in another paper (Walter, 1936) , but may be mentioned here. During the inhalation of ether and to a less extent during nitrous oxide antesthesia, large slow waves are seen in the E.E.G. (fig. 10 ). These waves have no fixed focus; they may start from any part of the cortex, appear to travel for a short distance over it, and subside, to be followed by other Waves from the same or another focus. During ether anaesthesia, in fact, the whole cortex is occupied by these slow undulations of potential. Their frequency is from 2 to 3 per second and the potential produced with the usual leads may be up to 200 ,.'V., many times bigger than the alpha waves. These slow waves have also been noticed in records taken with leads directly on the cortex exposed at operations.1
The effect of a barbiturate, such as evipan, is quite different. Although there is no fixed focus, the waves, which are larger than those occurring in normal subjects, have a frequency as high as that of the alpha waves, which indeed they closely FIG. 10. resemble, except that they involve the whole cortex. It is conceivable that the whole cortex in a patient under evipan may be iu a condition analogous to that of the normal occipital region when the eyes are shut and alpha waves are .seen in the E.E.G.
The E.E.G. in cases of pathological unconsciousness has been observed on several occasions in patients with greatly increased intracranial pressure. In this condition the E.E.G. resembles that during ether ansesthesia ( fig. 11 ). There are slow waves occupying the whole cortex. The potentials are not usually as big as those found with ether, but the frequency is the same-about 3 per second. When a comatose patient with a raised intracranial pressure is anaesthetized with ether, there is an imperceptible transition from one type of E.E.G. to the other, the slow waves becomizrg larger and more regular. When, on the other hand, the condition is relieved by hypertonic infusions, the slow waves disappear. The "pressure " E.E.G. is changed more readily by this means than by withdrawal of fluid from the ventricular system, so the slow waves may be associated rather with cortical cedema than with the direct physical effects of the raised pressure. When this work was begun, in March 1936, these slow waves were often noticed, as they have been, of course, by others, but no particular importance was attached to them; they were regarded as abnormal, as obscuring the more familiar components of the E.E.G. Their presence during anaesthesia, for example, limited the interest of records taken from the exposed cortex during operations under a general anaesthetic. In one patient, however, the slow waves were found to have a definite focus which could be located even with one recording system. At the post-mortem examination, a tumour was discovered involving the cortex in the right temporal region, exactly under the point on the skull where the focus of slow waves had been found. This FIG. 11. case and three others were reported in another place (Walter, 1936) (fig. 12 ). One of these was a case of endothelioma, the other three were cases of glioma. All four showed a focus of slow waves on the skull over the region of the cortex subsequently found to be most affected by the tumour. There seemed to be a possibility of locating cerebral tumours by electro-encephalography. It was suggested that these slow waves be called "delta waves 1; a temporary convenience which can be dispensed with as soon as it is possible to provide an exact description based on controlled experiment.
Electro-encephalograms have been taken from a total of over 350 mixed cases. Of these, three were known to have had a cerebral tumour which had been partially removed; these three had a definite focus of delta waves over the region where the tumour had been found. There were 38 cases of suspected cerebral tumour2 of which nothing was known to the experimenter at the time of electroencephalography. Of these, 12 showed a definite delta focus, and all 12 were later found to have a tumour in the region of this focus; 26 showed no focal abnormality 1 The letter "gamma" has a terminological association with small size and high frequency, characters the reverse of those of the phenomenon in question.
2 Exclusive of the cases previously reported.
589
in the E.E.G., and of these, 23 were later found not to have a tumour at all, two had tumours of the cerebellum and one had an 8th-nerve tumour. Six of the "positive" cases and four of the negative" ones will be described. These have been selected rather in order to illustrate some special points which have arisen as the technique has improved than simply as "show" cases.
GLIOMA
Case 1 (fig. 13 ).-Male, aged 35. E.E.G., left side: Annular delta focus in anterior part of left frontal lobe; waves of higher frequency from around this focus. Centre of delta focus comparatively silent. Right side normal. Clinical abstract: " Fainting " attacks for one year, four epileptiform seizures four months previously; after which stuporose three weeks with temperature of 990 to 1000 F.; headache and vomiting. These symptoms had subsided, but the temperature remained above normal. There was a prominent boss on the left frontal bone. No neurological signs. No papilloedema. Ventriculography showed a definite shift of the whole system to the right and the left anterior horn was depressed and pushed to the right. At operation, a large tumour, densely adherent to the bone, was lifted out of the cortex with the bone flap, and this was found to be a very fatty meningioma. The patient made a good recovery, and when examined six months later showed nothing abnormal clinically and only a trace of abnormality in the E.E.G. Case 2 (fig. 14) .-Male, aged 27. E.E.G., left side: Sharp delta focus in anterior portion of left frontal lobe. Right side normal. Clinical abstract: Sixteen months previously epileptiform seizure following coughing; after this he was unconscious five days. Put on ketogenic diet and discharged well; returned to work. Three months ago complained of right frontal headache and tenderness. Headache became worse and continuous, although there was a remission for fourteen days. Three weeks ago the vision of the right eye became blurred, then that of the left. Occasionally felt unsteady on his legs. Bilateral papillcedema. The only neurological sign was less well-maintained posture in the right arm. Ventriculography showed a filling defect in the left lateral ventricle. There was no inter-communication between the two sides and the pressure was raised. At operation a large lobulated glioblastoma was found in the left frontal lobe, reaching the surface of the cortex. A large part of the tumour was removed. During recovery the patient showed some aphasia, but this diminished and he was discharged in good condition without symptoms. The E.E.G. still 45 591 showed some delta waves from the left frontal lobe, but these were less distinct and had a less definite focus than before operation. of right leg; right plantar reflex extensor. Sensation normal; mental condition poor. Ventriculography showed a filling defect in the left side and displacement to the right. At operation no abnormality was seen on the surface, but resistance was encountered at 3.5 cm. depth over an area just anterior to the pre-Rolandic gyrus. A cyst below this area was drained. The patient recovered but did not improve. Post-operative records showed no change in the E.E.G.
Case 4 ( fig. 16 ).-Male, aged 17. E.E.G.: Left side normal. Right side: Delta focus in the frontal region over the coronal suture, 3 cm. from the mid-line. Frequency higher than usual delta. Clinical abstract: fifteen months previously, three epileptic attacks, one of which followed by weakness of the left hand. Occasional further attacks, then no further attacks until three months ago when they recurred. No headuche-or-weakness o the limbs between the attacks. No papilledema, but weakness of the left side of the face and the left arm, and extensor plantar response on the left side. A skiagram showed slight bone change high in the right frontal region near the coronal suture. Encephalography showed the anterior horn of the right ventricle depressed and deviated toward the left. At operation no tumour was m FOCUS FIG. 16. seen on the surface but resistance wag felt deep in the right frontal lobe. The patient was discharged unchanged. There was no opportunity to take E.E.G.s post-operatively.
Ca8e 5 (fig. 17 ).-Male, aged 69. E.E.G.: Left side normal. Right side delta focus of large extent in the frontal lobe. Clinical abstract: Weakness of left arm thirteen days, stiffness of left leg two days, of right leg one day. Poor physical condition ; very restless. Left side of face weak and complete spastic hemiplegia on left side. Right leg spastic. No cortical sensory loss. Ventriculography showed deformation from above of right ventricle. At operation a glioma was found coming to the surface just in front of the middle of the fissure of Rolando, but extending for some distance beneath the cortex into the frontal lobe. A part of this was removed. The patient made a fair recovery and was discharged in poor condition. No post-operative records were taken. Ga8e 6 ( fig. 18 ).-Male, aged 56. E.E.G.: Left side normal. Right side large delta focus in frontal lobe with centre about 2 cm. anterior to the fissure of Rolando, and 4 cm. from the mid-line. Clinical abstract: Frontal headaches for six months; twitching and numbness left face six weeks ago-occasionally since then, when agitated; two weeks ago began to Jose use of left hand; -for three weeks left leg getting weaker; feeling sleepy. Complete spastic hemiplegia on left side. Sensation normal. No papillcedema. Ventriculography: no air in right; shift of left ventricle to left. At operation no tumour was seen on the surface but there was flattening of the convolutions over the motor cortex on the right side. Post mortem a small tumour was found under the right motor cortex. The whole of the right frontal lobe was extremely cedematous, so that the right ventricle was pushed well across the mid-line. Characteristic discharge (" convulsion waves ") from right premotor region before frequent Jacksonian attacks; from right motor region during the attacks. Clinical abstract: Sudden onset of epileptic fits some days before admission. Confinement three months previously. Status epilepticus three days before admission in coma. While patient was comatose there were Jacksonian fits sometimes as frequently as every fifteen minutes. These fits began as twitching of the left face, marching to the left arm and leg, and ending as clonic movements of the whole of the left side. There was marked weakness of the left side between fits. The blood urea was high and death occurred as a result of this or some other obscure toxaemia. At the post-mortem examination no tumour or other lesion was found in the brain.
Case 9.-Male, aged 25. E.E.G.: Normnal throughout. Clinical abstract: Patient complained of " fainting " attacks of recent onset and of being unable to walk because of giddiness. There were frequent seizures in which he usually fell to the left, and there was some automatism after the attacks. There was a suggestion of early papillcedema in both discs but there were no other signs. The case was diagnosed as functional and the patient was discharged. Case 10.-Male, aged 27. E.E.G.: Normal throughout. Clinical abstract: Complaint of attacks-which were becoming more frequent-of aphasia and tingling of the right hand. Diagnosed as migraine with a functional element. These ten selected cases give an indication of the successes and limitations of electro-encephalography as applied to tumour diagnosis. Although in all of them the diagnosis suggested by the E.E.G. has agreed substantially with the ultimate clinical diagnosis, it is clear that some tumours can be located more accurately than others. Case 1 demonstrates what is now an accepted fact, that cerebral tumours themselves are comparatively inactive electrically (cf. Foerster and Altenburger, 1935) . Leads have been placed on tumours exposed at operation, and the most that has happened is that the tumour has acted as a lead to the cortex around it. The endothelibma in Case 1 was very dense, fatty, and adherent to the bone. It must have been a long-standing growth and had probably slowly obliterated the cortex beneath it. The cortex around it, however, would not have been obliterated but would certainly have been in a poor condition. The frequency of the abnormal waves seemed to rise with distance from the tumour; this suggests that the frequency is connected in some way with the degree of abnormality in the nervous tissue. In Case 4 also, in which the tumour was deep in the right frontal lobe and was not yet producing any very alarming symptoms, the frequency was higher than in the other cases, although the focus was well defined. These cases should be compared with Case 2 in which the focus was sharp and the frequency low, while the tumour was visible on the surface though extending also below it. Case 5 and, especially, Case 6, are suggestive of the origin of the delta waves. In Case 6 the focus coincided partly with the site of the tumour itself but extended well forward of it, as did the very marked cedema which was found post mortem, and was difficult to account for. Caution should be used, therefore, in interpreting records such as that in fig. 13 (Case 1) and fig. 18 (Case 6); in the former the record should be examined with the hypothesis of a silent area, in the latter the outer limit of the focus should be determined and stated. There may be significance in the fact that there seems to be a slight tendency for the delta focus to extend forward from gliomata in the fronto-parietal region. This may be due to some vascular peculiarity of the cortex in this area.
Post-operative records from cases in which a malignant growth has been partially removed usually show a persistence of delta waves. This is probably due partly to the cortical trauma associated with excision (the delta activity diminished somewhat during the weeks immediately following operation), and partly to that portion of the tumour which has not been removed and still exerts an influence on the cortex above. Those cases in which deep but less malignant neoplasms or meningiomata have been completely removed show a gradual disappearance of abnormal signs in the E.E.G., the approximation to normal running a course parallel to the subsidence of clinical symptoms.
In cases of deep tumours in the basal ganglia or hypophysis no characteristic signs have been noticed in the E.E.G. except in the terminal stages with the patients comatose when delta waves were found over the whole cortex. Comparatively little success has been had also in locating tumours of the cerebellum. In most of the cases examined the intracranial pressure has been considerably raised. In one case in which the pressure was not raised and which was examined post-operatively by kind permission of Dr. McAlpine, delta waves were found on the side of the itumour -but.the accuracy of location was poor. The anatomical position and relations of the cerebellum are, of course, most unfavourable for electrical recording. Several attempts have been made to discover whether spinal tumourp can be detected by electrical means, but here there is a new obstacle-the electrocardiogram. With leads on the back the potentials from the heart are enormous compared with any which might be produced by the spinal cord. It is intended to make further trials with a directly coupled amplifier which can deal with very large and very small potentials at the same time.
If any further proof is needed that the delta waves do not originate in tumours but in poorly functioning cortex, it is supplied by the following case:
Ca8e 11 (fig. 19 ).-Female, aged 8. E.E.G.: Well-defined delta focus in the left parieto-occipital region, right side normal. Although this focus was in approximately the same position as that of the normal alpha waves, visual and mental activity had no effect on the waves. Indeed, having regard to the position of the focus, it was suggested that if this part of the cortex was not functioning, the patient should have a gross defect in the right visual fields. Careful perimetry showed that there was in fact an almost complete right homonomous henLianopia. Clinically, there was a history. of one major fit and several minor fits, a tendency to conjugate deviation of the eyes to the right during fixation, and nothing else abnormal except a somewhat indefinite history of a severe illness during infancy. After the E.E.G. and perimetry, it was supposed that the intermittent conjugate deviation of the eyes to the right was a mechanism compensatory for the right field defect. Ventriculography showed a multilocular cavity connected with the posterior horn of the left ventricle, which, as a whole, was larger than the right. The position of this cavity coincided internally with the external position of the delta focus. At operation, an area of degenerate cortex was found in the position indicated in fig. 19 . The convolutions were slightly shrunken and hardened, the sulci widened, and there was an excess of fluid beneath the arachnoid. A small portion of this cortex was removed. The patient made a good recovery. There was no change in the condition.
In a case described in a previous paper (Walter, 1936, Case b) the E.E.G. was entirely normal over an area of cortex which had completely degenerated and been absorbed as a result of an old contre-coup injury. If, then, delta activity is ass,ociated with degeneration, it must occur mainly in thQ stages intermediate between the first interference with function (when the cortex appears to produce alpha-like waves (cf. fig. 16 ), and the final dissolution. In Case 11 it is reasonable to suppose that the cortex was severely undermined both neurologically and nutritively, for the cavity discovered by ventriculography occupied a space normally filled with white matter. Unfortunately there is no way of discovering whether the degeneration was due to the cavity or the cavity to the degeneration or whether both had a common cause. At any rate, both were associated with delta activity and there was no question of a tumour.
There is, as yet, no inductive evidence bearing on the real nature and origin of these delta waves. Little help is to be expected from the classical electrophysiology of nerve and muscle since, for one thing, the delta waves, like the normal alpha waves, seem to be in the nature of " inaction " potentials rather than action potentials. A clue may be found in the well-known influence of electrotonic currents on the activity of nerve. The experiments of Barron and Matthews (1936) suggest that slow changes of potential may play a part in conduction and inhibition in the spinal cord. Adrian (1936) has described slow waves associated with subcortical oonduction, and Dusser de Barenne and McCulloch (1936) have shown that slow waves may be found when the top layers of the cortex are coagulated. There is no lack of analogy to feed the imagination, but all that is certain at present is that delta waves are produced by the human cortex in some stage of dystrophy or degen-. eration, and that by the presence of these waves the area of change may be located through the skull. The existence of the waves is a challenge to experiment; their location by electro-encephalography may be an aid to the clinician.
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